Quetiapine fumarate (QTF) is an antipsychotic drug belonging to the benzisoxazole derivatives indicated for the treatment of schizophrenia. A sensitive and selective method based on dichloromethane-extractable ion-pair of QTF with calmagite (CGT), which exhibited an absorption maximum at 490 nm, is described. At this wavelength, Beer's law is obeyed over the concentration range of 3.0-30.0 µg ml -1 . The apparent molar absorptivity, limit of detection (LOD) and quantitation (LOQ) values are 1.32×10 4 l mol -1 cm -1 , 0.27 and 0.81 µg ml -1 , respectively. The reaction is extremely rapid at room temperature and the absorbance values remain unchanged up to 19 h. The precision results, expressed as intra-day and inter-day relative standard deviation values, are satisfactory (RSD ≤ 2.2%). The accuracy is satisfactory as well (RE ≤ 2.44%). The method was successfully applied to the determination of QTF in pharmaceuticals and spiked human urine with satisfactory results. No interference was observed from common pharmaceutical adjuvants in tablets. Statistical comparison of the results with the official method showed an excellent agreement and indicated no significant difference in precision. Key words: quetiapine fumarate; spectrophotometry; calmagite; spiked human urine; ion-pair complex.
Pucci et al. [28] have reported a UV spectrophotometric method for the determination of QTF after converting the drug into its free base by using 50 mM phosphate buffer (pH 2.5) as diluent. The assay was carried out by measuring the absorbance of quetiapine free base solution at 246 nm. The linearity was observed in the range of 5-25 µg ml -1 QTF. Another UV spectrophotometric method developed by Fursule et al [37] involves the measurement of QTF at 290 nm in water and Beer's law is obeyed in the range, 6-54 µg ml -1 . The only reported visible spectrophotometric method [38] based on the measurement of absorbance of chloroform extractable ion-pair complex of QTF with bromocresol green at 415 nm and Beer's law was obeyed over the linear range of 5.0-25.0 μg ml -1 . Present authors have also reported two extraction--free spectrophotometric methods [39] based on the same reaction protocol using two sulphonthalein dyes, namely, bromophenol blue (BPB) and thymol blue (TB). The ion-pair complexes were quantified in 1,4-dioxane-acetone solvent system and by measuring the absorbance at 410 and 380 nm for BPB and TB methods, respectively.
The reported UV methods have some demerits such as use of buffer solution to convert QTF into its free base [28] , poor sensitivity and narrow linear dynamic range [37] . Though the reported visible spectrophotometric methods [38, 39] seem to be more sensitive, they are applicable only for pharmaceuticals and not applied to urine samples.
Extractive spectrophotometric procedures are popular for their selectivity and sensitivity, and hence, have received considerable attention in the quantitative determination of many pharmaceutical compounds [40] [41] [42] [43] .
The present study deals with development and validation of a visible extractive spectrophotometric method for the determination of QTF in bulk drug, tablets and spiked human urine sample using calmagite as an ion-pair reagent. The method is based on the formation of orange red coloured ion-pair complex between QTF and calmagite in acidic medium. The absorbance measurements were made at 490 nm after extracting the complex into dichloromethane. The method is more sensitive than all the reported spectrophotometric methods and is featured by a wide linear dynamic range. The proposed method was successfully applied to the determination of QTF in bulk drug, tablets and spiked human urine. The results of recovery studies were satisfactory.
EXPERIMENTAL

Apparatus
Absorbance measurements were made on a Systronics model 106 digital spectrophotometer (Systronics India Ltd, Ahmedabad, India) with 1 cm path length quartz cells.
Reagents and solutions
All chemicals used were of analytical reagent grade and solutions were prepared with distilled water. Dichloromethane (spectroscopic grade) was purchased from Merck, Mumbai, India. Pharmaceutical grade QTF was kindly gifted by Cipla Ltd, Bangalore, India, and is certified to be 99.5% pure. It was used without further purification. Qutipin-200 and Qutipin--100 (both from Sun Pharmaceuticals Ltd, India) tablets were purchased from local market. Drug-free human urine was obtained from a healthy male aged about 28 years. QTF solution (100 and 60 µg ml -1 ). A standard stock solution of QTF was prepared by dissolving an accurately weighed 10 mg of pure drug in 0.1 M H 2 SO 4 and the volume was made up to 100 ml in a volumetric flask with the same acid to get 100 µg ml -1 QTF. This solution was diluted appropriately with 0.1 M H 2 SO 4 to get 60 µg ml -1 QTF and used for the assay.
Procedure for calibration curve
Into a series of 125 ml separating funnels, 0.5--5.0 ml aliquots of 60 µg ml -1 QTF solutions were transferred by means of a microburette. The total volume in each separating funnel was adjusted to 5 ml by adding 0.1 M H 2 SO 4 . To each funnel, 10 ml of water and 5 ml of dye solution were added. The contents were mixed thoroughly, and after 5 min, the ionpair complex was extracted with 10 ml of dichloromethane by shaking for 30 s and the layers were allowed to separate. The organic layer was then passed over anhydrous sodium sulphate and absorbance was measured at 490 nm against the reagent blank prepared in the absence of QTF. The procedure was repeated three times and standard graph was prepared by plotting the absorbance vs. drug concentration. The concentration of the unknown was read from the calibretion graph or computed from the regression equation derived using the absorbance-concentration data.
Procedure for tablets
Twenty tablets were weighed and ground into a fine powder. An amount of tablet powder equivalent to 6 mg of QTF was weighed and transferred into a clean 100 ml volumetric flask containing 65-70 ml of 0.1 M H 2 SO 4 . After shaking the content for 20 min, the volume was brought up to the mark with the same acid and filtered through Whatman No. 42 filter paper. A suitable aliquot (say 3 ml) of the resulted solution (60 µg ml -1 QTF) was subjected to analysis by using the general procedure described earlier.
Procedure for spiked human urine A 15 ml aliquot of 100 μg ml -1 QTF solution was mixed with 3 ml of urine and 2 ml of acetonitrile in a 25 ml volumetric flask and the volume was made up to mark with 0.1 M H 2 SO 4 . The resulting solution was filtered through Whatman No. 42 filter paper and three different aliquots were subjected to analysis by following the general procedure. The concentration of QTF in urine was found from the standard graph or from the regression equation.
Procedure for the analysis of placebo blank and synthetic mixture A placebo blank containing starch (10 mg), acacia (15 mg), hydroxyl cellulose (10 mg), sodium citrate (10 mg), talc (20 mg), magnesium stearate (15 mg) and sodium alginate (10 mg) was made and its solution was prepared as described for tablets and then subjected to analysis. The absorbance of the placebo solution was almost equal to the absorbance of the blank which revealed no interference from the excipients added to pure drug.
A synthetic mixture was prepared by adding pure QTF (100 mg) to the placebo blank and the content was homogenised. Synthetic mixture containing 6 mg of QTF was weighed and its solution in a 100 ml volumetric flask was prepared as described for tablets. Three different aliquots were subjected to analysis by the general procedure and the percentage recovery of QTF was evaluated.
RESULTS AND DISCUSSION
QTF, when reacted with CGT and extracted into dichloromethane in acidic medium, was found to yield a clear orange-red coloured ion-pair complex which showed an absorption maximum at 490 nm ( Figure  2 ). The coloured product is due to the sulphonate anionic group present in the dye, CGT, which has a strong tendency to form dichloromethane soluble ion-pair complex with the protonated QTF (QTF⋅2H 
Optimization of variables
Preliminary investigations were carried out to establish the most favourable conditions to give a highly intense colour which could be used for the quantitative determination of the drug. Optimum conditions were fixed by varying one parameter at a time while keeping other parameters constant and observing its effect on the absorbance at 490 nm against respective blank. The influence of each of the following variables on the reaction was tested.
Effect of ratio of aqueous to organic phase. The effect of ratio of aqueous to organic phase was examined by adding 5-30 ml of water to 5 ml of QTF solution before the addition of dye solution. Maximum and constant absorbance values were obtained with quick separation of the two phases with 10-25 ml of water. Therefore, aqueous to organic phase ratio of 2:1 was used in the investigation.
Effect of extraction solvent. Dichloromethane was preferred to other solvents (chloroform, carbontetrachloride, 1,2-dichloroethane, hexane, ether, ethyl acetate and benzene) for its selective and quantitative extraction.
Effect of CGT concentration. The influence of dye concentration on the absorbance was investigated by adding different volumes of 0.05% CGT solution (2-8 ml) in to 3 ml of 60 µg ml -1 QTF solution. With volumes less than 4 ml, lower absorbance values were obtained and when the volumes greater than 6 ml, the absorbance values were reduced and there was no clear separation of the two phases. A constant and maximum absorbance was obtained in the range of 4-6 ml of CGT (Figure 3 ). Therefore, a 5 ml of 0.05% CGT solution in a total volume of 20 ml aqueous phase was chosen as optimal for complete complexation. Reaction time. After the addition of dye, the effect of standing time on the complex formation was studied from 5 to 30 min before extraction. A contact time of 5 min was found adequate for the complex formation.
Effect of shaking time. The effect of the shaking time on the extraction of QTF-CGT ion-pair was studied by shaking the separating funnel for different times ranging from 30 to 180 s after adding dichloromethane. Constant absorbance readings were obtained from 30 s and onwards and hence, a 30 s shaking time was fixed.
Number of extractions. To obtain complete extraction of the QTF-CGT ion-pair complex under optimum conditions, the drug-dye complex in the aqueous phase was extracted with three 10 ml portions of dichloromethane separately and absorbance was measured each time against the respective blank. In the second and third extraction, the absorbance of the organic layer was negligibly small. Hence, a single extraction with 10 ml of dichloromethane was found adequate to remove the drug-dye ion-pair completely from the aqueous layer.
Equilibration time and stability of the coloured complexes. The organic and aqueous phases were clearly separated in less than 1 min. The drug-dye ion-pair complex was stable for more than 19 h at laboratory temperature (30±2 °C).
Effect of order of addition of reactants. The sequence of order of addition of the reactants prior to extraction had very little effect on the absorbance, so the order of addition of reactants should be in the described manner.
Composition of ion-pair complex. The composition of the ion-pair complex was determined by Job's continuous variations method [44] . Aqueous QTF and dye solutions of 5.59×10 -4 M each were mixed in various molar ratios (with a total volume of 5 ml) in a series of separating funnels. The volumes in all funnels were diluted to 20 ml with water. The extraction was performed using 10 ml of dichloromethane and the absorbance was measured at 490 nm. Graph of the results obtained ( Figure 4 ) gave a maximum at molar ratio of x max = 0.333 which indicated the formation of 1:2 (QTF:CGT) ion-pair complex. Conditional stability constant (K f ) of the ion-pair complex. The conditional stability constant (K f ) of the ion-pair formed by QTF with CGT was calculated from the continuous variation data using the following equation [45] :
where A is the maximum observed absorbance and A m is the absorbance value when whole amount of drug is associated. c M is the molar concentration of drug at the maximum absorbance and n is the combination ratio of the ion-pair considered. The log K f value obtained for QTF-CGT ion-pair, based on five determinations, is 7.08±0.26.
Optimisation of conditions for spiked human urine
Different experiments were performed with different organic solvents such as chloroform, dichloromethane, 1,2-dichloroethane, ethyl acetate, ether, benzene, acetonitrile and 1,4-dioxane by following extraction and extraction-free steps to obtain better extraction of QTF from spiked urine. Acetonitrile yielded excellent results without any pre-extraction procedure and without interference of urinary matrices in the complex formation. The volume of acetonitrile was found critical for the formation of matrix-free QTF-CGT ion-pair complex. It was necessary to maintain 1.8-2.5 ml of acetonitrile in a total volume of 25 ml. At the volumes less than 1.8 ml and greater than 2.5 ml of acetonitrile, higher and lower absorbance values were obtained. Therefore, a 3 ml of urine was mixed with 2 ml of acetonitrile to prepare 60 µg ml -1 QTF in a total volume of 25 ml.
Method validation
Linearity, sensitivity, limits of detection and quantification. Beer's law limits, molar absorptivity, Sandell's sensitivity, linear regression equation, correlation coefficient and detection limit were determined and are given in Table 1 . A linear relationship was found between the absorbance at λ max and concentration of the drug in the range 3.0-30 µg ml -1 . The graph showed negligible intercept and is described by the regression equation, A = bx + a (where A is the absorbance, b is slope, a is intercept and x is the concentration of drug in µg ml -1 ) and the correlation coefficient value close to unity (r = 0.9988). The calculated molar absorptivity and Sandell's sensitivity values are summarized in Table 1 Precision and accuracy. In order to determine the accuracy and precision of the proposed method, the assay described under "Procedure for calibration curve" was repeated seven times on the same day to determine the repeatability (intra-day accuracy and precision) and five times on different days to determine the intermediate precision (inter-day accuracy and precision). These assays were performed for three levels of analyte. The results of this study are summarized in Table 2 . The percentage relative standard deviation (%RSD) values were ≤ 2.01% (intra-day) and ≤ 2.2% (inter-day) indicating high precision of the method. The accuracy of the method was determined by the percent mean deviation from known concentration, by using the formula: Robustness and ruggedness. The robustness of the method was evaluated by making small incremental changes in the volume of dye and contact time, and the effect of these changes on the absorbance of the coloured systems was studied. The changes had negligible influence on the results as revealed by small intermediate precision values expressed as % RSD (≤ 1.88%). Method ruggedness was demonstrated by having the analysis done by four analysts, and also by a single analyst performing analysis on four different instruments in the same laboratory. Intermediate precision values (%RSD) in this study were in the range 1.78-2.64% indicating acceptable ruggedness. The results are presented in Table 3 .
Application to tablets. The proposed method was applied for the quantification of QTF in commercial tablets. The results obtained were compared with those obtained using a conventional UV spectrophotometric method [28] , where the absorbance of the methanolic solution of QTF was measured at 246 nm. Statistical analysis of the results did not detect any significant difference in the performance of the proposed method to the reference method with respect to accuracy and precision as revealed by the Student's t-value and variance ratio F-value. The results of this study are given in Table 4 .
Application to spiked human urine. As an additional application, the developed method was applied to determine QTF in spiked urine sample. The recovery of QTF from spiked human urine sample was carried out on three different concentrations (12, 18 and 24 µg ml -1 ). As shown in Table 5 , the percentage recovery values in the range 95.63-106.1 with standard deviation values of less than 3% proved that the accuracy and reproducibility of the proposed method Table 2 . Evaluation of intra-day and inter-day accuracy and precision (%RE -percent relative error, %RSD -relative standard deviation and CL -confidence limits were calculated from: CL = ±tS/√n; the tabulated values of t are 2.45 and 2.77 for six and four degrees of freedom respectively, at the 95% confidence level; S -standard deviation and n -number of measurements) QTF taken, µg ml -1 Intra-day accuracy and precision (n = 7)
Inter-day accuracy and precision (n = 5)
QTF found±CL, µg ml are satisfactory for the determination of QTF in spiked human urine and non-interferences from matrices present in urine. Recovery study. To further assess the accuracy of the method, recovery experiment was performed by following the standard-addition technique. The recovery was assessed by determining the agreement between the measured standard concentration and added known concentration to the sample. The test was done by spiking the pre-analyzed tablet powder with pure QTF at three different levels (50, 100 and 150 % of the content present in the tablet powder (taken)) and the total was found by the proposed method. Each test was repeated three times. The percentage recovery values ranged between 97.8 and 105.9 with standard deviation in the range 1.06-2.55%. Closeness of the results to 100% showed the good accuracy of the method. The results of this study are shown in Table 6 .
CONCLUSION
A sensitive extractive spectrophotometric method for the determination of quetiapine fumarate in pharmaceutical preparations and spiked human urine was developed and validated. The reported chromatographic techniques [4] [5] [6] [7] [8] [9] [10] [11] 21, 22, [30] [31] [32] [33] [34] [35] [36] have several disadvantages such as expensive instrumental setup, multiple steps, longer analysis time, stringent experimental conditions to be maintained, and several clean-up steps. The proposed method makes use of an inexpensive reagent, and low-cost instrument which can be afforded in any ordinary laboratory. The method is sufficiently sensitive to permit determination even down to 0.27 µg ml -1 . The proposed method has the advantages of simplicity and reproducibility, and satisfies the need for a rapid procedure for the assay of QTF in bulk drug and in tablets in quality control laboratories. The hall-mark of proposed method is its application to the determination of QTF in spiked human urine without any prior-extraction procedure. Therefore, the method allows determination of QTF in human urine samples in the physiological concentration range obtained after the usual therapeutic dose of QTF has been administered. , 0,27 i 0,81 μg ml -1 , redom. Ova reakcija je jako brza na sobnoj temperaturi, a vrednost apsorbance ostaje nepromenjene u toku 19 sati. Preciznost metode, izražene preko vrednosti standardne devijacije intra-i inter-dnevne preciznosti, je zadovoljavajuća (RSD ≤ 2,2%). Tačnost je, takođe, zadovoljavajuća (RE ≤ 2,44%). Ova metoda je uspešno primenjena za određi-vanje QTF u farmaceutskim preparatima i ljudskom urinu sa zadovoljavajućim rezultatima. Nije uočena interferencija sa uobičajenim pomoćmim lekovima u tabletama. Statističko poređenje rezultata sa oficijelnom metodom je pokazalo odlično slaganje i nije ukazalo na značajne razlike u preciznosti.
Ključne reči: kuetiapin fumarat, spektrometrija, kalmagit, ljudski urin, kompleks jonskog para.
